Andrographis paniculata (Burm. f.) Wall, ex Nees

Kalmegh, The Créat, Creyat Root, Halviva,Kariyat, Green Chiretta

Winzarglas
Acanthaceae
()
( , 2532)
40-70
2.5-3
0-6
3-5 15
( 1) (
. 2529;

2532)

(

. 2529;
1 2532)

)

Kreat
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(Andrographis paniculata).



3-5 ,
( 1
2528) ' ,
( . 2532; . 2534)
' ( )
30 % ( , 2534)
Kang Yan
Tablets, Chuanxinlian Tablets Chuanxinlian Antiphlogistic Pill
Yamdepieng Chuanxinlian Ruangas Injection ( . 2529)
bacillary dysentery leptospirosis

250

( ) (Nantikan Mahaverawat,

250

deoxyandrographolide- 9P-D-glucoside

990)



00

C-2 S 04 C-5
3.97 1.17 1.95 2.03
4.18 0.82 1.51 3.22
5.14 1.01 1.64 3.81
7.30 1.99 0.67 1.19
4.43 3.01 0.66 0.71
5.52 3.13 0.93 1.06
5.66 3.43 0.94 0.88
3.58 4.21 1.27 0.81
1.45 4.86 1.34 0.54
0.69 5.58 1.41 0.00
0.84 6.02 0.94 0.00
0.61 4.43 2.02 1.11

C-2 = 14-Deoxy-Il,12-didehydroandrographolide
C-3 = Andrographolide

C-4 = Neoandrographolide

C-5 = Deoxyandrographolide-19P-D-glucoside

$2532)



2 ,
(%)
6.09 6.80 2.28
1.31 9.81 2.06
5,29 6.79 3.93
, 4.80 6.44 4.67
7.05 9.54 3.02
9.79 12.52 5.81
6.72 7.25 6.25
, 5.54 6.63 6.89
, (lactone)
"' (andrographolide)
Boorsma .. 1896
(deoxyandrographolide)
(neoandrographolide) 14- -11,12- (L4-deoxy-
11,12-didehydroandrographolide) (panicolide)  ( 2)
(flavone)
(panicolin) (andrographin) mono-O-methylweightin
apigenin-7,4 -dimethylether ( 3) '
( . 2529;

52531; | 2534)
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(1) Andrographolide (1) 14-Deoxy-11,12-didehydroandrographolide

; S0 ; ~0
CH 0—p— CHz—O B—D—Glucosyl
Glucosyl

(111) Neoandrographolide (1V) Deoxyandrographolide- 1 9P-Glucoside

( 1 2534)



CH;0

CH;0

(@)

2534)

(1) Andrographin

(11) Panicolin

(I11) Mono-O-Methylweightin

(IV) Apigenin-7,4’-Dimethylether
flavone



1
2.,
1 2
3,
100 %
0.2
24-73
)
1 (33 %)
4-24
312 %
4,
20
3 7
)
0.05
12
6.
6.4

- 2522)
2'4 ]- !
2
- 14 3
2
32
10 31.2 %
15 (46.7 o) s (18.7%)
2
90.6 %
2 2 2-1
4
20 16
’ 4 3
2 -4
(Dicliptera chinensis (L) NEES) 6.4
16



15 (Kalanchoe laciniata DC)
24
1 9
8 6-8
4 15 5
200 500 : 1
500 1
prednisolone,  indomethacin ibuprofen
prednisolone ibuprofen
granuloma
5 ibuprofen ( , 2533)
20
100 ) 1 '
Carrageenan 65.3 %
(Tajuddin and Tariq, 1987)
85%
(0.5-2.5
1 ) 50% (0.06-0.25 1 )
85% (1-2 1 )
( , 2534)
Staphylococcus aureus (Ray and Majumda,
1982) 95%

Staphylococcus aureus
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Escherichia coli

(George and Pandalai, 1949) 50%

Proteus vulgaris

50% 100%

200

(Acetylcholine) (Barium Chloride) (Histamine)
(Serotonin) ( , 2534)
( , 2528)

250 1 12
2

( ]
, 2530) 95%

(Nazimudeens, Ramaswamy, and Kameswaran, 1987)

95%
(Ascaris Iumbricoides)
18 2 (Raj, 1975)

Depetalonema recondition
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20 60
100 % 40 85 % (Dutta and Sukul, 1982)
95%
, 50
(perfusion) 40
(Nazimudeens et al, 1987)
(Garcia et al.,1980) 0.63 1
( , 2534)
( =L05%9)
40
(Shamsuzzoha, Rahman, and Ahmed, 1979) '
2 1 6
95.2% (Zoha, Hussian, and Choudhury,
1989)
20
1 60

seminiferous tubule leydig cells
epididymis, seminal vessicle, ventral prostate coagulating
gland / (Akbarsha et al., 1990)
- 14- -11,12-
receptor
( , 2535)



2.5

30%

2532)

stress

85%

- 2534)

12
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(Andrographolide)

Boorsma .. 1896 Andrographide
Gorter

(Cava et al, 1962; Maiti, 1964)

0.8-6.2 o ( , 2528)
, ( 1), )
2-5 oo ( , , , 2530)
unsaturated trihydroxy lactone
C20Hs00s Legal reagent, Kedde's reagents 50 o KOH-
methanol
( , 2528; Cavaet al., 1962; Fujitaet ., 1984)
(mp) 230-231 °c ([0 05) -96.2 (€=1.00, CsHsN)
(ultraviolet  spectrum in  ethanol)
(Amax) 223 nm (£12300) IR spectrum

(KBr) 3448, 3390 3279 (hydroxy group) 1828, 1647 909

(exocyclic methylene) 1727 (a-[ -unsaturated-y -lactone) 1672 (conjugated c=c)
cm~l (Fujita et al., 1984)



HO'
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HO

CH,OH

1 2531)

14



(HPLC) in §itl in vivo
| 1
0.0078 -1 1.76 2,04
(half-life) 1.34 ( , 2534)
(chloramphenicol) (furazolidone)
' ( 1
, 2522)

Echerichia coli

: (Gupta et al., 1983)
25 100-150 (4-6 )

Bacillary dysentery 88.3 w
97.6
100.0 o
93.1
80.0 o
85.7 m
( , 2529)

1985  Zhang  Xing
andrographolide sodium succinate
trophoblast tissue ' 6-8

15

16
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andrographolide  sodium  succinate HCG
progesterone  trophoblast tissue pyknosis

14- -11,12-

potassium-depolarizing  solution (
, 2532)

5 1 10 ,

1 , (albino rats) 1
disaccharidase

(Choudhury et ., 1985)
(Moniruddin and Talukder, 1977)

(inducer)
(inhibitor)
( ) hexobarbitd
(Choudhuri, 1978)
hepatic microsomal lipid peroxidation
(CC14)
(Choudhury and Poddar, 1984)
hepatic microsomd drug metabolizing enzymes
aniline hydroxylase, ~ N-demethylase O-demethylase in vitro
aniline hydroxylase (Choudhury, Haque, and
Poddar, 1987)
0.5 15
transaminases (SGOT SGPT)
(Choudhury and Poddar, 1983)
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5 1 500

transaminases
microsomal mixed function oxidase

trichloromethyl lipid  peroxidation

microsomal mixed function oxidase
N (Choudhury  and
Poddar, 1984)

100 1
histopathology LD50
11.46 1 (Handa
and Sharma, 1990)
400 , 1
800 1 48, 24 2
200 , 1 1,4 7

(Handa and Sharma, 1990)

(choleretic effect)
1.2-12 1
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4.8-73%
(bile flow) (bile salt)
(bile acid) (Shukla et al., 1992)
.. 2536
( , 2536; Pompen
et ., 1993; ) 100-200 1
48
central vein
y
(Crude crystals) 10
1 )
0.5 1
10
( , 2522)
2 1

1% tragacanth
100-150 1 5



50%

15 1
2.4 1
( 11 )
( , 2532)
50 (14)50)
5,000 1 (
, 2529)
50 1.000 1
(Nakanishi et al. 1965) 50%
50 15
1 14.98
( , 2532)
0.12. 12
2.4 1 1,10 20
6
histopathology
( , 2532)
10 1
( , 2532)
18 1 (
50 18 )
( , 2532)

20 1



20

1 1
1 1 7
( , , . 2530)
II’ 3
1 3
( ,
2530)
200-
400 1 4 "
50, 100 150 1
14
150 1
( . 2533)
" 10-15
3-6
3
24 ( . 2533)

Kintanar Mercado-Sison (1979)



(mg.kg-1)
300

1,000

300

1,000

300

1,000

300

1,000

21

(weakness)
3
ol d QJ 8 ra d d o
(convulsion) (strub tail) (tremor)
(weakness)
reflex
24
300 1
24
1
300 1
45
(weakness)
24
5
(tremor) (strub tail)

(convulsion)
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(Acetaminophen)

(JV-acetyl-p-aminophenol,  4-hydroxy-acetanilide

paracetamol) p-aminophenol b

(Black, 1980; Katyare et ., 1989) . .1893
19

1940 (phenacetin)

British Pharmacopoeia Commission
.. 1957 (Comely and Ritter, 1956; Smith, 1958)

NHCOCH ¢4 NHCOCH 4 NHCOCH

OH Acetanilide OC,H 5
Acetaminophen phenacetin
5 p-aminophenol

(Black, 1980)

(Mechanism of Action)

(Rumack, 1978)
(prostaglandin)
' , arachidonic acid
cyclic endoperoxide precursor
(Ameer and Greenblatt, 1977)

PGE:, prostacyclin ~ thromboxane A- ( 6)
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Cell Membrane Phospholipids

" Phospholipases — Steroids inhibit

HETES HPETEs-<—|ipo‘;”y”ggnaSe Arachidonic acid
5 Lipoxygenase Cyclookygenase -*- — Aspirin,_
inhibit
>HETE _ '
(Chemotaxis) 5HPETE Prostaglandin G, (PGG,)
Hydroperoxidase

Leukotrient B: - otriene Ad (LTAY)

(chemotaxis)
Leukotriene ¢4 (LTCA)
Vasoconstriction
ronchogpasm Leukotriine 04 (LTD4)
ncreased
permeability

Leukotriene £. (LTE)

1

Prostaglandin -~ 2 (pGH*

Vv

Prostacyclin (PGI9)  Thromboxane \

(Causes vasodilatation,
inhibits platelet
aggregation)

(TXA2)

(Causes vasocontriction,
promotes platelet
aggregation)

¢ R 1

-p
pgd2 pge? PG

Vasodilatation
Potentiate edema

(DiPalma and DiGregorio, 1990)
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(central tissue) (peripheral tissue)

(Flower and Vane, 1972)

pruritis maculopapular rash
(Henrugues, 1970), thrombocytopenia (Komberg and Polliack, 1978; Shoenfeld et
ah, 1980), agranulocytosis (Lloyd, 1961), pancreatitis (Cowae, 1977; Gilmore and
Tourvas, 1977) hypoglycemia (Koch-Weser, 1976)

(Mielke and Britten, 1970;

Pearson, 1978) coagulogram
(Goulson and Skyring, 1964)
500 6 1

gastric mucosal barrier (Ivy, Silvoso, and Krause, 1978)

(Absorption)
pKa 9.5 (Dordoni et al., 1973)
30 1 (Peterson
and Rumack, 1978) 40-60
(Dordoni et al, 1973)
(Levy  and
Houston, 1976; Peterson and Rumack, 1978) gastric emptying time
gastric emptying time propantheline gastric
emptying time ~ metoclopromide (Nimmo et al-, 1973)

(Half-life)

2-4 (Miller et ., 1976)
2.5 (Peterson and Rumack,
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1978) ! ' !

4 (Prescott, 1971;
Lovejoy, 1978)

(Drug Metabolism)

glucuronic  acid sulfate ' (inactive metabolite)
glucuronide sulfate compound (Davidson and Eastham,
1966) : , 75-
85% Species
cytochrome P450 enzyme system
(toxic or reactive metabolite) N -acetyl-p-benzoquinoneimine (NABQI) (Potter
et ., 1973; Corcoran, Barer, and Lau, 1980; Hinson, 1980; Dahlin et ., 1984)
electrophile
(Miner and Kissinger, 1984)
conjugate glutathione mercapturic
acid  cysteine conjugation 3-15% (Jollow

et ., 1974: Mitchell et ., 1974; Davis, Labadarios, and William, 1976a; Davis et
., 1976b) ( ')

glutathione conjugation  protective pathway
electrophilic compound
glutathione- -transferase  cytosol tripeptide
glutathione (GSH) co-substrate glutathione conjugate
(Hinson et ., 1982; Gregus, Madhu, and Klaassen, 1988)

12 84 % 24 90 % (Mitchell

et ., 1974) 63 % ! glucuronide conjugation
34 % sulfate conjugation 3 % cysteine conjugation

' 1 % (free drug)

(Mrochek et ., 1974)



Toxic pathway

N-C-CH

N-acetyl-
p-benzoquinoneimine

lo
HN-C-CH .

AA-GS
m <
lo
HN-C-CH .

AA-Cys-Gly |
Cys-Gly
OH

lo
HN-C-CH .

AA-Cys
Cys
OH

lo
HN-C-CH .

AA-mercapturate 0

Cys-C-CH 3

OH

HN-C-CH .

OH

26

Non-toxic pathway
HN-C-CH

COOH

HO
UH
AA-glucuxonide

HN-LS-?CH :

H

0$.S-0H
AA-sulfaie

(Gregus, Madhu, and Klaassen, 1988)
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(Acetaminophen-Induced Hepatotoxicity)
(Ameer and Greenblatt, 1977) '

(Boyd and Bereezky, 1966; Mitchell et al., 1973a, 1973b;
Davis et al., 1974: Dixon, Nimmo, and Prescott, 1975 Finco et al., 1975; Gazzard

et ., 1975; Miller et . 1976; Pipemo et . 1978) (Davison and
Eastham, 1966; Presscott et ., 1971, 1983)
species (hamster)
(mouse) Species
(rat) (quinea-pig) species  resistant

(Mitchell et ., 1973a; Davis et ., 1974;
Tee et ., 1978; loannides, Steele, and Parke, 1983; Smolarek, Higgins, and
Amacher, 1990)

NABQI (N -acetyl-p- benzoguinoneimine)
(cov ent binding) macromolecule
cell necrosis 8) (Jollow et ., 1973;
Mitchell et ., 1973a) Mitchell (1973a, 1973b)
" reactive metabolite
glutathione conjugation

protective pathway intracellular
glutathione conjugation reactive metabolite
glutathione reactive  metabolite
glutathione 70¢

(hepatic necrosis) (Corcoran et ., 1980; Dahlin et

1984)



HNCOCH;4

 omvm— =)
glucuronidation Sulfation
OGA OH

Acetaminophen Acetaminophen

glucuronide

Excreted in urine

Glutathione l_

NABQI

HNCOCH,

glutathione

OH

Mercapturic acid
derivatives

Excreted in urine

(.follow et

28

HNCOCH4

0S04

Acetaminophen
sulfate

P450 mixed function oxidase I

Excreted in urine

Hepatic nucleophilic
macromolecules

HNCOCH,

cell macromolecule

OH

Cell necrosis
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(Liver)

(detoxification) (Leffert et al., 1982;
Mehendale, 1987; Amenta, 1991) '

(hépatocytes parenchymal cells)
10 jim nucleus, nucleolus, smooth rough endoplasmic
reticulum (SER RER), golgi complex, lysosome, mitochondria granule
( 9) (Goldberg and Gomall, 1980)

lobule lobule

interlobular connective tissue tissue (terminal

branches) portal vessels, hepatic artery —bile duct lobule 2
1. classic lobule lobule central vein
parenchymal cell column central vein
sinusoid lacunae . sinusoidal space central vein
2. portal lobule liver acinus lobule hépatocyte
’ portal zones

1/4 cardiac output

1. portal vein ' 5%
: venules
2. hepatic artery 25400
connective tissue
arterioles
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Lipocyte
Endothelial cell
Kupffer cell
Reticulin fibre e e Y TS R =}

Space of Disse

o s?._-_‘ Lysosome
DRSS
Cell membrene (&7 ﬂg ]
% R g Percxsome
Desmosome AL} =
Gap junclion
Vacuole
Tight junction
Nucleolus

Biliary canaliculus

i Chromatin
Golgi apparatus

Lipid

Rough endoptasmic

vitochondrion retwlum

Glycogen

T — Smooth endoplasm
reliculum

9 '

(Sherlock and Dooley, 1993)
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hepatic arterioles portal venules sinusoid

central vein hepatic vein : hepatic vein
inferior vena cava ( "10)

hepatic arterioles  portal venules

bile ductule portal tract
hepatic triad fibrous tissue

hépatocyte

( ' 11) (Rappaport,| 956)
1, ' 1 (Zone 1) periportal area '
portal vein ' ' lobule '
' regeneration
necrosis

2 2 (zone 2} midzone !
periportal area  centrilobular area

3 3 (Zone 3) centrilobular periacinal area

central vein '

hepatic arterioles

1 2 3 1
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Arterial capillary emptying into Arterial capillary emptying into
paraportal sinusoid paraportal sinusoid
P selal portal  Limiti Periportal // ﬁentral Lvmoh |
ensinusoica
i id space of Disse \?erllr% H’lil‘ldg C%Rﬁﬁ}lvﬁ ( Vef%tr{.c) ymphn vesse
inusoids e ¥l

Central
(hepatic)

Ve

Perisinusoical
spece of Disse

) ",, Sub-
Certrel § TN lobular
(hezatic) S i vein
ve:ns :_:_. 5
t ! { ., Central (hepatic)
- ' : veins
U . 9 Intralobular
! 4 cholanciole
J 4 ‘m# =4 Bile canaliculi on tne surface
. i . S
Arterial cafnllary emptyin g \ of liver plates (not frequent)
into intralobular sinusoi Sile Hepatic o “Cholangioles ir.
dua arery L||m|t|ng portaﬁ go.naﬁs
plate

Penal canal (tract)

10

(Sherlock and Dooley, 1993)
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liver acinus

p. . Portal Space
T.h.v. Terminal Hepatic Venules (Central Veins)
(Rappaport, 1956)

33
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(Liver Cell Necrosis)

(Keppler and Proper, 1986)

(morphological assessment)

(acute injury) 4
(reversible change) degeneration
, cell death
2.
(irreversible change)
cell death
3.
prenecrotic change
4, cell death cell necrosis
( , 2524; Keppler and Proper, 1986)
(in vitro)
(protusion)  plasma membrane blebs ( 12)
(in vivo) '
(reversible change) (irreversible
change) '
blebs , " plasma membrane
cell death

(physiological ~ phenomenon)
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PLASMA MEMBRANE

proteolysis of a-actinin dissociation of
actin-binding a-actinin from
proteins * ABP actin filaments
7 7
2 K7 7.5 7

12 blebs  plasma membrane
( Teeet al., 1978; Boobis, Fawthrop, and Davies, 1989)
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cell death
apoptosis ~ necrosis (Boobis, Fawthrop, and Davies,!989)

apoptosis apoptotic cell
, condensation fragmentation
cytoplasm apoptotic cell , mitochondria
blebs condensation chromatin
endonuclease
NeCrosis
internal ~ external membrane
blebs plasma membrane NeCrosis
(hydropic swelling)
endoplasmic reticulum mitochondria cell necrosis
mitochondria
(disruption) mitochondria ( 13)

liver cell necrosis

liver cell necrosis (Somsong Tuntaterdtum, 1994)
L. mitochondria
mitochondria '
(Stryer, 1988) ATP
(Lehninger, 1982) glutathione
(Hinson, Mays, and Camerson, 1983)
ATP (viability)

(liver cell necrosis)

(in vivo) oxidative
phosphorylation  mitochondria

(Meyers et al., 1988; Katyare and Satav, 1989) (in vitro)
NABQI mitochondria



Nuzleus

Lysosome

37

Endoplasmic
reticulum (ER)

Mitochondriz

(A) Normal cell

Blebs atlon of
Sy o
Clumpin EP SAE""IJ
oﬁnugle r pispersion ol
chromatin rtoosomes

%ﬁ?@drial

@tophagy
osomes Small densities

(B) Reversible injury

13

upture ol
Sﬁ fomes and >\ "("’ ce?l memBrane
| < : - Myelin
pylLrllggfs VErEiias %:_ figures
LysIs of

or 1% ;.

-

"4—{-——fMlt dIondrlaI

or ; g arge
L C’;’?jﬁ en%mes

karyorthexis

(C) Irreversinle injury



respiratory apparatu
(Meyers et al., 988; Esterline, Ray, and Ji, 1989
1989; Burcham and Harman, 1990 & 1991)

Ca2+
(Schanne et al., 1979)

38

plasma membrane

; Ramsay, Rashed, and Nelson,

mitochondria

2. Ca2+
Ca2+ 103 M (mM)  Ca2+
10“6 M (|1M) (drive)
Ca2+ ,
plasma membrane
Ca2+ Ca2+
cell necrosis  ( 13) (Schanne et al.,
1979)
(in vitro) Ca2+ \ 1074 M

Ca2+- dependent protease (De Martino, 1981)  nuclease

(Wyllie, 1987) phospholipase (Chien et al., 1980) Ca2+
protease

plasma membrane plasma membrane bleb (bleb
formation) cell death ( 12)

endonuclease DNA
(DNA fragmentation) ' DNA Ca2+

, endonuclease
DNA ,
Ca2+

mitochondria membrane potential

mitochondria
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mitochondrid damage cell death (Orrenious et al., 1989; Nicotera,
Bellomo, and Orrenius, 1992)

Shen (1991) NABQI (N-acetyl-p-
benzoquinoneimine)
DNA DNA (ladder)
" endonuclease ( 14)
toxic metabolite
Ca2+ Ca2+
Ca2+- dependent endonuclease
DNA  fragmentation DNA
DNA fragmentation
Ca2+
NABQI (n -acetyl-p-benzoquinongimine) reactive metabolite
glutathione NABQI
oxidation thiol  group Ca2+ translocase plasma membrane
(Moore et ., 1985; Boobis et al., 1990) plasma membrane
Ca2+ Ca2+ Ca2+
endoplasmic  reticulum mitochondria
Ca2+ ' cell death (Bellomo

and Orrenius, 1985; Nicotera, Bellomo, and Orrenius, 1992)

Ca2+
cell death (Burcham and Harman, 1988)
Ca2+ oxidative phosphorylation
mitochondria ATP pump Ca2+

(Tirmenstein and Nelson, 1989)



Excision—repair

<0

q/\

J
Base
is
1 removed

Endonuclee%ﬁe cHts

&

AP endonuclease
makes cut

1

c?cc?qq<?co0ny
1

t. &

Q

<M< ) AMA*0 v <

q

A

q/\

I
Exonuclea?e rem

40

Pathway for any carnage

09<? ¢ qQsq gt ¢
Base

s 1
damaged T

1A Ceg
g

»ll/\ <)C||

10" ggEqqc<-~

I
1
Incision .

amaged ase

"QQ" ¢ "Q

Bvﬁs

h ot

Cc0
"gghrtggto
Polmease

i em&

A
Acq

1

<C

"9 gqhty
1
1

g
Ligase

seals
nick

Cc6 € c<b ¢ " *0

Qe 0 Q<?qco9 qgG<y

14

endonuclease

DNA (Lewin, 1990)



a4
3. ) lipid peroxidation

(Wendel, Feuerstein, and Konz, 1979; Younes et al,
1988; Minamide, Hone, and Awzu, 1992; Szymanska et ., 1992)
(Albano et ., 1983; Van de straat et ., 1988)
lipid  peroxidation

degradation hepatic adenine nucleotide
xanthine dehydrogenase oxidised form
0Xygen
glutathione (Mitchell et ., 1973)
glutathione peroxidase (Tirmenstein and Nelson, 1990)
xanthine oxidase inhibitor liposome encapsulate
superoxide dismutase free radical

lipid  peroxidation
(Younes et ., 1988)
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(Liver Cell Regeneration)

(hepatic injury)

(biochemical)

(morphology) '
(Koss, 1992)
(interphase)
(mitosis) ' mitosis
1 cell cycle ( ' 15)
(chromosome) , nucleus
(chromatin)
(" 1)
1. (Prophase) interphase
centromere 2
nucleolus
interphase
2. (metaphase)
spindle fiber ' centromere
sister chromatid 3
3. (anaphase) centromere

sister chromatid 2



spindle fiber sister chromatid ' centromere
sister chromatid

4. (telophase) sister chromatid
spindle fiber nucleolus
cytokinesis cytokinesis

2

DNA
Conten!

1

i

Gy :
1 1] L
6 12 18 24n

_The cell cycle of a lypical mammalian cell dividing once a_da1y.p prophase;
M. mitosis; Me. meuphase. A. an?\i)hase; T. telophase; Cr, cytokinesis. The lower curve
indicates the change in nuclear DNA content in one cycle.

S

|
|
|
|
|
|
|
|
1
|
1

15
(Wheatley, 1982)

43
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,,/
P
nﬁ,"
A"};,
' ”
Y

4 N

[ A -~

o

W

-

%

0% &
LT
5 b c RET
.l'_:: PR
S < Ry A Men
s 2 .
A
dx " e oY ¥ ot
e

Sequence of miiosis in human fibroblasts in culture, (a) Early prophase,
(b) late prophase, < polar view of melaphase plate, (d) side view metaphase plate, (e)
early anaphase, if-, and (g) later stages of anaphase, (h; early telophase, and (i) late
telophase.

\d
2

(2} 1=terphase (&) Prophase {c) Prophase

&

(e) Metaphase (f) Anaphase () Late anaphase (h) Late telophase

16 (mitotic process)
(Oberling and Bernhard, 1961)
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: regeneration  (Structural
Changes in Liver During Regeneration)

213
(partial hepatectomy)

2 ' 48
(extracellular space) hepatocytes (parenchymal cells)
portal tract

(collagen formation)
(Harkness, 1964)

regeneration (Biochemistry of Regenerating

Liver)
regeneration
partial hepatectomy 30 hepatic
cytoplasmic basophilic bodies RNA (ribonucleic acid)
RNA nucleic acid
24-48 periportal area
primary acinus liver lobule portal vein
hepatic artery 8
midzonal central area  liver lobule
DNA  (deoxyribonucleic acid)
12 DNA . 12-15
20-24 DNA
(maximum evidence) 24-48

, 3
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7-10
10-20 (liver mass)
100 % ( einbren, 1959)

: regeneration (Functional Alterations
in Regenerating Liver Tissue)

regeneration (early liver regeneration)
bilirubin 24
bile pigment, cholesterol plasma protein
alkaline phosphatase microsomal fraction
Rush (1954) regeneration
", (reduplicate)
regeneration

liver cell necrosis
mitochondria

(Dixon,  1984) oxidative
phosphorylation N | RCIT ATP
ATP
pH
lysosomal membrane (Robbins,
1974)

EGF (epithelium growth factor) EGF-like factor
pH
(depolarization)
RNA Na -dependent amino acid
“A™ system transport GO0 early Gj
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late G: ,
macromolecule glucagon insulin
“A” system hyperpolarization CAMP

(threshold) DNA

(Leffert et al., 1982)

regeneration (Control of Regeneration)

regeneration glucagon,
insulin EGF (epithelium growth factor)
glucagon plasma
insulin EGF  plasma regeneration
glucagon  plasma

regeneration
regeneration
histopathology
regeneration (incorporation) tritiated thymidine
nuclei 5%
(MacDonald, Roger, and Pechet quoted in Harkness,
1964)
regeneration

(specific inhibitor)

regeneration

(Harkness, 1964)



48

( ,
2536)
dense nucleolus
central  vein
regeneration
2
1 1
50 <o
2.
transaminase histopathology
transaminase aspatate transaminase serum  glutamic

oxaloacetate transaminase (SGOT) alanine transaminase serum glutamic
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pyruvate transaminase (SCiPT) organellar
membrane (diffuse)

plasma membrane interstitial
fluid histochemical liver cell
Necrosis (intracellular enzyme) plasma
membrane

plasma membrane
(Robbins, 1974)

(regeneration)  mitotic figure mitotic figure
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